INTRODUCTION
P edicle screw (PS) instrumentation is considered a standard procedure in lumbar spinal fusion to provide the stability needed to achieve bony union. 1 Minimally invasive techniques have been developed to reduce the morbidity associated with the posterior approach. 1 Santoni et al 2 in 2009 described the cortical bone trajectory (CBT) with the aim of maximizing the pullout resistance in osteoporotic bone. CBT screws offer a less invasive technique that maintains similar mechanical properties as traditional PS instrumentation. [3] [4] [5] [6] [7] [8] [9] [10] The large majority of arthrodesis using the CBT screw technique comes from degenerative spine disease. 11 However, the degenerative process does not always allow for easy and perfect identification of the pars interarticularis. Even more, every patient's vertebra is slightly different from one another, making it difficult to standardize the perfect screw trajectory. 12 Accurate screw placement in spinal surgery has always been a challenge for surgeons. Many technologies and useful tools have been developed in the recent years, for example, the use of fluoroscopy to help the well-known freehand technique, navigation software, 13 electrical conductivityebased system, neuromonitoring, 14, 15 and the custom-made template guides. 16 With this study, the capacity of a preoperative computed tomography (CT) scanebased plan to customize the CBT screw placement in patients with degenerative lumbar pathology is evaluated. 
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MATERIAL AND METHODS
Preoperative Planning
For all patients undergoing a CBT fixation, a thin slice CT scan (sliced equal to or thinner than 1 mm) was acquired using a low-dose protocol (kilovolt peak 120 kV or higher, X-ray tube current 30 mA or higher, exposure time 500 milliseconds or more, field of view: approximately 15 cm).
The images obtained were then processed using the Horos Ó software image viewer. In a 3-dimensional (3D) multiplanar reconstruction (MPR) view, the correct entry point was chosen according to both anatomical landmarks, in particular hyperdensity of the cortical bone at the pars, and the patient's singular anatomy taking into strong account all 3 planes to define the best trajectory for the single case.
Then the best trajectory of the CBT screws was chosen ( Figure 1) . The criteria to find the best safe trajectory were as follows:
-Safety first: the screw course must be entirely in the pedicle avoiding getting too close to the inferior and medial edges of the pedicle -Minimum screw length: 35e40 mm (try to maximize screw length)
-Minimum screw diameter: 5.5 mm (try to maximize bone purchase)
-Try to catch the most cortical bone that it can be found on the CT scan.
Once the following rules are applied, a line that resembles the screw is drawn from the chosen entry points. Next, a 3D volume rendering reconstruction is performed. The 3D viewer is set with the following parameters:
-Graphics processing unit processor -Maximum level of detail is chosen -"Bone CT-white and black" preset imaging.
Having set all the above settings, an image is created; to capture the best definition, it is necessary to adjust the gray gradation until the vertebra bone is nicely seen without surrounding artifacts.
At this point, the entry points chosen on the 3D curved MPR view should be visible on the 3D volume rendering reconstruction ( Figure 2) . It is possible to check their positions relative to the vertebrae anatomical pars and eventually modify their location. The screw dimensions are then chosen on the 3D MPR after having made all the necessary changes in the entry point and directions.
Surgical Technique
After standard antibiotic prophylaxis, the patient, under general anesthesia, is placed in a prone position on appropriate padded support to avoid increased intra-abdominal pressure. Skin preparation and sterile draping are performed. All the procedures are performed under continuous neuromonitoring and with triggered electromyography to safely ensure screw placement.
Under fluoroscopic guidance, the upper vertebra spinous process is identified and 5 cm skin incision is performed. The spinous processes and laminae are exposed with preservation of the cranial facet joint. Then a size and length-adapted self-retaining retractor with an integrated lighting system is positioned.
17 In vivo, it is possible to recognize the same bony landmarks seen in the 3D view. The entry point is then chosen according to the plan. In fact, the 3D reconstruction shows the minimal details of the actual intraoperative vertebral bone, and the entry point is recognized according to bony landmarks chosen during the planning process ( Figure 3) . The craniocaudal trajectory is based on the intraoperative fluoroscopy (usually approximately 25 cranially) to maximize thread contact with the cortical bone surface. On the other hand, the degree of divergence is decided during the preoperative planning and pursues during surgery despite no certain landmarks.
The cortical bone at the point of entry is penetrated 10 mm deep using a high-speed drill, and then a hand drill is used to complete the trajectory. The pathway is palpated with a fine ball-tipped probe to both look for breaches and measure screw length. 10 Tapping is performed, and the screw is inserted by hand. The CBT screws used in this study (Maximum Access Surgery 
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This technique benefits from intraoperative neuromonitoring. In this study, the instrumentation set used (MAS PLIF or MAS TLIF; NuVasive) provides the possibility of monitoring every tool from the hand drill to the screw itself.
RESULTS
We retrospectively evaluated 82 patients who underwent a single level TLIF/PLIF with CBT screws ( Table 1 ). All the patients underwent preoperative CT scans of the segments involved. With 3D volume rendering reconstruction and 3D curved MPR, the optimal entry point and screw trajectory were planned for each patient. A postoperative CT study was performed to assess the concordance between the actual and planned trajectory ( Figure 4) . Due to the anatomical features of the pedicle and the great degeneration of the facet joints, three patients were excluded from the study. In preoperative planning, the screws would not have been sufficiently long and divergent. They underwent PS fixation.
Among 82 patients, a total of 328 screws were positioned. The average entry point distance from the target was 1.1 mm with a standard deviation of 0.15 mm. In 301 screws (91.8%), the actual trajectory was included in a cone diverting no more than 2 from the planned trajectory calculated on the craniocaudal and mediolateral angles. Only in 2 patients, with a total of 5 screws (1.5%), the length was changed, using a shorter size. This diversion from planned was caused by a lowering threshold found during neuromonitoring in screw placement ( Figure 5 ). Twelve screws (3.6%) were found to have intercepted the cortical bone at a grade 1 of the Raley classification. 18 No screws misplaced required delayed surgical repositioning and no new neurological deficit was recorded.
DISCUSSIONS
New technologies are helping in the planning process and in the procedure development, leading to a customized approach and personal cure. During the past few decades, several tools have been developed to improve screw placement safety and accuracy like, above all, 3D navigation. 13 This technology has advanced because of the high-speed software evolved to integrate data, but questions still remain about the concrete advantage of using navigation against the freehand fluoroscopy-assisted technique, especially considering costs and availability in spine centers.
With the help of thin sliced CT scan, 3D bone reconstruction is accurate to the minimal details. Also, most of the standard image viewers (Osirix Ó, Horos Ó) come with multiplanar reconstruction plugin that allows accurate planning of the screw trajectory. 19 The 3D printing era brought most surgical fields to an advanced new level where even minimal differences from standard anatomy are detected and taken into account. 16 It is common, at our institution, to have all the patients planned for spinal stabilization and fusion undergo a preoperative CT scan to check for bone quality and defects. Thus, changing the protocol to a thin sliced, localized, and low-dose CT scan does not expose the patients to increased radiation exposure. Also, during the procedure, the use of fluoroscopy greatly decreased compared with the cases performed without 3D planning. In fact, the first lateral and all of the anterior-posterior views to check the entry point and mediolateral trajectory were discarded.
Using accurate preoperative 3D planning with free software can be a helpful aid to degenerative surgery avoiding the costs and technical difficulties of navigation systems.
The CBT screw placement is a great alternative to classical PS, 10 but the identification of the entry point and the appropriate direction can be tricky especially to the surgeons just at the beginning in the use of this technique. With the abovementioned preoperative planning, the surgeon is able to recognize and predict slight anatomical differences, even in the more degenerative spines. The size of the screw can be predicted, avoiding oversizing or undersizing of the screw. The particular screws used at our institution did not interfere with the decompressive process. Screws without a tulip occupy a very limited volume, exactly on the screw entry point. Starting the procedure with decompression not only might alter the bony anatomy, but also the correct entry point might be accidentally disrupted. The CBT screws have always been placed by the surgeons working in our department before decompression, and also in larger series with longer follow-up, no patient underwent a second surgery for symptomatic stenosis. 10 Because not all the patients are good candidates for CBT screws, for example those where their pars are not recognizable, the preoperative 3D reconstruction makes it clear before bringing the patient in the operating room avoiding any intraoperative changes of technique. The theoretical trajectory of CBT screws can be replaced with a new customized trajectory, which is able to give the better construct to each singular patient.
Comparing the results obtained with the data previously published by our group 10 without the use of preoperative 3D planning, the amount of intraoperative complications is significantly lower: 4 of 418 (0.95%) screws required delayed surgical repositioning with standard surgery compared with zero of 328 (0%) screws with preoperative planning. The accuracy of the described technique seems to be higher than or comparable to others described in the literature. [20] [21] [22] [23] Dayani et al 24 described their experience reporting lower screw placement accuracy; however, they did not seem to use any preoperative 3D-reconstructionebased planning. Comparing CBT and PS, the misplaced rates reported to insert freehand lumbar PS vary from 5% to 41%, whereas data from the robot-assisted PS placement resemble the results obtained in our study. 25 Keorochana et al 26 reported no statistically significant difference in intraoperative complication between the 2 techniques; however, they did not mention the exact accuracy rate difference. Overall, it seems that our percentages are comparable with the higher accuracy reported for the robot-assisted PS placement. Accurately planning the procedure led to no mistakes in the screw placement; the worst screw placement with the planning was a grade 1 of the Raley classification. In the 3 patients where the anatomy was not favorable, where the pars were not identifiable on the 3D reconstruction, or 
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where the planned screw trajectory could not be divergent for pedicle/entry point geometrical relations, surgery was preoperatively converted to classical PS stabilization.
CONCLUSIONS
The outcomes obtained from preoperative 3D CT planning in the use of cortical bone trajectory screws are promising. It is possible to create a valid bony 3D reconstruction model and a customized entry point and trajectory. This virtually costfree technique is of great help in the customization of care in spine surgery with very little technology needed. The results obtained underlined the radiological reliability of this planning technique; however, more studies need to be performed. 
